Özet Amaç: Randomize kontrollü olan bu çalışmada üst batın cerrahisi sonrası erken postoperatif dönemde uygulanan noninvazif ventilasyonun, oksijenasyon, ventilasyon ve diğer kan gazı parametrelerine etkisi araştırılmıştır. Gereç ve Yöntem: Üst batın cerrahisi planlanan 44 hasta randomize olarak iki gruba ayrıldı. Kontrol grubundaki hastalara postoperatif dönemde 2 saat süreyle oksijen verilirken, çalışma grubundakilere noninvazif ventilasyon uygulandı. Preoperatif ve postoperatif uygulama öncesi ve sonrası elde edilen pH, SaO2, PaCO2, HCO3 değerleri karşılaştırıldı. Bulgular: Demografik verilerde (ortalama yaş, BMI, FEV1/FVC, anestezi ve cerrahi süresi, cinsiyet dağılımı) gruplar arasında fark yoktu (p>0,05). SaO2 her iki grupta da anlamlı olarak düştü. Uygulamalar sonrası SaO2, PaCO2, HCO3 değişim yüzdeleri gruplar arasında benzer oldu. Tartışma: Postoperatif noninvasif ventilasyonun erken ölçülen SaO2, PaCO2, HCO3 değerleri açısından avantajı yoktur. Daha fazla sayıda hastayı kapsayan ve daha uzun süreli takibin yapıldığı çalışmalara ihtiyaç vardır. Abstract Aim: In the present randomized controlled trial, we investigated the effects of early postoperative noninvasive ventilation on gas exchange and other parameters of arterial blood gas in patients scheduled for an upper abdominal surgery. Material and Method: Forty-four patients scheduled for upper abdominal surgery were allocated randomly into two groups. The patients in Group C received oxygen and those in Group N received noninvasive ventilation for two hours postoperatively. pH, SaO2, PaCO2, and HCO3 values obtained preoperatively and postoperatively before and after the applications were compared. Results: There was no statistically significant difference betwen the groups (p>0.05) in regard to demographic data (mean age, BMI, FEV1/FVC, anesthesia and surgery time, gender distribution). Noninvasive ventilation corrected the fall in pH values more effectively than the face mask oxygen application. SaO2 dropped significantly after the operation in both groups. Change percentage in SaO2, PaCO2, and HCO3 values after the applications were similar among groups. Discussion:. There is no advantage of postoperative noninvasive ventilation in regard to early SaO2, PaCO2, or HCO3 values. Studies with more extended follow-up time and a larger number of subjects are needed for accurate data.
Introduction
Respiratory dysfunction is inevitable for both general anesthesia in which muscle paralysis and mechanical ventilation are ensured and regional anesthesia in which spontaneous breathing is preserved. That kind of dysfunction persists in the postoperative period and results in clinically important pulmonary complications in 1-2% of minor surgeries and in up to 20% of abdominal and thoracal surgeries [1] . Postoperative pulmonary complications (PPC) remain and are always a concern of clinicians because they are associated with prolonged hospital stay, increased morbidity/mortality, and increased healthcare costs. A multi-center prospective study including 2464 patients revealed that at least one pulmonary complication occured in 5% of patients in the postoperative period [2] . Impaired blood oxygenation occurs in most anesthetized patients. Atelectasis and hypoventilation due to residual drug effects are two of the most common causes of early postoperative hypoxemia [3] . Atelectasis occurs in 90% of anesthetized patients [4] . It is quite apparent that atelectatic lung is more prone to pulmonary complications. Hence, preventing atelectasis and recruiting collapsed alveoli are the main strategies in avoiding PPC. There are many maneuvers used for this purpose, including PEEP application, recruitment maneuver, sigh, double tidal volume, and avoiding 100% oxygen use to prevent absorbtion atelectasis [5, 6, 7] . Postoperative and perioperative noninvasive ventilation (NIV) is a more recently tried method for both the prophylactic and curative purposes of managing atelectasis, postoperative hypoxemia, and respiratory insufficiency [8] [9] [10] [11] [12] [13] . There are risk factors that make patients more prone to PPC, including age, obesity, preexisting pulmonary disease, malnutrition, and muscle diseases. The type and time of surgery are also determinant in risk identification. Cardiac and thoracic surgery are the most risky procedures in this regard. Abdominal surgery does not prominently increase the rate of atelectesia formation, but it is more difficult and requires more time to recruit collapsed lung areas [14] . That is why lung infection and other pulmonary complications are more likely to occur in abdominal surgery [14, 15] . Early postoperative hypoxemia and respiratory insufficiency is temporary and reversible in most cases. Residual drug effects, pain, and atelectasis are common causes of hypoxemia in this period [3, 8] . In the present randomized controlled trial, we investigated the effect of the early postoperative prophylactic use of NIV on gas exchange and other parameters of arterial blood gas in patients scheduled for an upper abdominal surgery under general anesthesia.
Material and Method
This prospective randomized controlled trial was performed in Cerrahpasa School of Medicine general surgery operating rooms during a two-month period after obtaining approval from the ethics committee and the informed consent of all participants. Patients scheduled for an upper abdominal surgery (liver surgery, Whipple procedure, gastrectomy, etc.) aged between 40-65 and who had a Tiffeneau-Pinelli index (ratio of forced expiratory volume in 1 second to forced vital capacity; FEV1/ FVC) of 40-70% and a body mass index (BMI) of 30-40 kg.m-2 were included in the study. Patients with a history of cardiac arrest, postoperative agitation, encephalopathy, excessive respiratory secretion, or uncontrolled vomiting or who needed massive blood transfusion perioperatively were excluded from the study. Labile hemodynamics, hemoptysia, gastrointestinal bleeding, and any contraindication for epidural catheterization were the other excluding criteria of the present study. On the day before the operation, blood samples for arterial blood gas (ABG) analysis were taken from all participants while resting and breathing room air. The preoperational pH, SaO2, PaCO2, and HCO3 measurements were all recorded. All patients were premedicated with intravenous 0.03 mg.kg-1 midazolam (Demizolam 5mg amp, Dem Drug Company, Istanbul, TURKEY) after ensuring a venous access with a 20 G IV cannula in the preparation room. Electrocardiography (ECG), noninvasive blood pressure, and peripheral oxygen saturation bott, Illinois, USA). Endotracheal tubes with an inner diameter of 7.5 and 8 mm respectively for females and males were used via the orotracheal route, and end-tidal carbon dioxide (EtCO2) was monitored for all patients after intubation. Maintenance of anesthesia was ensured with inhaled 1 MAC desflurane (Suprane volatile solution, Eczacıbası, Baxter, Puerto Rico, USA). Mechanical ventilation in volume-controlled mode was started with the parameters of FiO2: 40%, tidal volume: 6-8 mL.kg-1, respiratory frequency: 12/min, I/E 1/2, and PEEP: 6 cmH2O (Avance GE Healthcare, Madison, USA). The ventilation parameters were then adjusted according to EtCO2 levels targeting 35-38 mmHg partial carbon dioxide pressure in expired air. Additional intravenous 50 µg fentanyl was given when the heart rate or mean blood pressure was increased by 20% compared to initial values, and 10 mg rocuronium was administered every 30 minutes. Local anesthetic (0.25% 10 ml bupivacaine; Marcaine 0.5% injectable solution, AstraZeneca, Lake Forest, USA) was given via the epidural route approximately 30 minutes before awakening. Fluid resuscitation was standardized as calculating maintenance fluid according to the 4/2/1 rule, based on body weight, and by administering additional intravenous fluid at a rate of 6-10 ml.kg-1.h-1 depending on incision size. Blood loss was replaced at a 1/1 rate with erythrocyte suspension and fresh frozen plasma. Total fluid balance was intervened so as not to exceed +1500 ml, and urine output was followed with a Foley catheter. Inhalational anesthetic was stopped after closure of the incision and decurarization was performed with intravenous 0.015 mg.kg-1 atropine and 0.03 mg.kg-1 neostigmine when first muscle effort was noticed after cessation of the gas. All patients were extubated after ensuring sufficient muscle strength and the ability to follow all commands. The patient-controlled analgesia method was used for managing postoperative pain. Bupivacaine solution (1 mg.ml-1) was prepared for epidural infusion at a rate of 4 ml.h-1 with bolus doses of 2 ml. The pump was set for 30 min lock-out intervals between the patient's demands. The patients were randomly allocated into two groups (Group C as control group and Group N as study group) by closed envelope method in the recovery room. Each group consisted of 22 patients. The patients in Group C received 6 L.min-1 oxygen via an ordinary face mask and patients in Group N received NIV via an oronasal mask in BiPAP S/T mode (Respironics BiPap® Vision® Ventilatory Support System) with parameters of FiO2: 50%, EPAP: 5 cmH2O, and IPAP: 10 cmH2O for two hours. Blood samples were taken from all patients for ABG analysis before (at postoperative 10th minute) and after (at postoperative 2nd hour) these applications and SaO2, PaCO2, pH, HCO3 were all recorded again (Table 1) . In our study, preoperational values, postoperative values obtained before the application (postoperative 1), and postoperative values obtained after the application in the recovery room (postoperative 2) were compared for both groups. Statistical Analyses NCSS (Number Cruncher Statistical System, 2007) and PASS (Power Analysis and Sample Size, 2008 Statistical Software, Utah, USA) programs were used for statistical analysis of the obtained data in this study. Along with descriptive statistics (mean, standard deviation, median, frequency, and rate), inter-group comparison of quantitative data was also made using Student's t-test for the parameters normally distributed and Mann Whitney U test for the parameters not normally distributed. Repeated Measures and Bonferroni tests were employed for ingroup comparison of the parameters distributed normally and for post hoc analysis, respectively. Yates Continuity Correction and Fisher's exact tests were used for comparison of qualitative data. Results were evaluated at a 95% confidence and a p<0.05 significance level.
Results
This study was performed in Cerrahpasa School of Medicine monobloc theater between 01.02.2011-30.03.2011. Ninetyeight elective upper abdominal surgeries, including liver surgery, Whipple procedure, gastrectomy, cholesistectomy, and splenectomy were executed during this two-month period. 54 of the patients met our inclusion criteria. Eight patients refused to participate in the study and two later wanted to be excluded from the study because of oranasal face mask disturbance. Consequently, data from a total of 44 patients was collected in the present study. There was no statistically significant difference among groups (p>0.05) considering demographic data (mean age, BMI, FEV1/ FVC, anesthesia and surgery time, and gender distribution) ( Table 2) . Mean pH values of Group C were significantly higher for preoperative and postoperative 1 (before the application) measurements (p<0.01), but there was no statistically significant difference (p=0.914) among groups when postoperative 2 mean pH values (after the application) were compared (Table 3 ). Both postoperative 1 and postoperative 2 mean pH values were significantly lower than mean preoperative pH value in Group C. Mean postoperative 1 pH value (before application) was also significantly lower than mean preoperative value in Group N (p=0.01); unlike Group C, mean postoperative 2 (after application) pH value was similar to preoperative value (p=0.755) in Table 1 . The recorded parameters and timing of follow-up. Group N ( Table 3 ). This result showed that noninvasive ventilation corrected the fall in pH values more effectively than the face mask oxygen application. The mean preoperative SaO2 values were similar among groups (p=0.557). Althoughthere was a similar fall in SaO2 values in both groups (p=0.255) when preoperative and postoperative 1 (before application) measurements were compared, this fall was corrected by a similar percentage (p=0.405) with both applications when the postoperative 1 (before application) -postoperative 2 (after application) SaO2 change percentage value was calculated ( Table 4 ). The mean preoperative PaCO2 values were similar for eachgroup (p=0.096). Although there was a similar rise in PaCO2 values in both groups (p=0.098) when preoperative and postoperative 1 (before application) measurements were compared, this rise was corrected by a similar percentage (p=0.342) with both applications when the postoperative 1 (before application) -postoperative 2 (after application) PaCO2 change percentage value was calculated ( Table 5 ). The mean preoperative HCO3 values were similar for each group (p=0.193). Although there was a similar fall in HCO3 values in both groups (p=0.318) when preoperative and postoperative 1 (before application) measurements were compared, this fall was corrected by a similar percentage (p=0.082) with both applications when the postoperative 1 (before application) -postoperative 2 (after application) HCO3 change percentage value was compared ( Table 6 ).
Discussion
Hypoxemia is common in the early postoperative period. Hence, prophylactic oxygen supplementation in this period is a frequent application. Many studies have investigated whether oxygen is actually needed in the recovery room or not. Russel et al. observed 100 patients operated on under general or regional anesthesia. Early desaturation (SpO2<92) was found in 15% of the patients upon arrival in the recovery room. This early desaturation was found to have positive correlation with age, weight, anesthesia time, perioperative fluid balance over +1500 ml, female gender, and general anesthesia [16] . In another study, oxygen administration was cessated after 30 minutes in the recovery room [3] . At least one hypoxemic episode occured in 41% of 173 patients; intermediate or severe hypoxemia occurred in 64% of these episodes, more than expected [3] . On the contrary, DiBenetto et al. reported that 63% of 500 patients under room air in a recovery room did not need supplemental oxygen because their SpO2 levels did not drop below 94%. Au- thors defended the opinion of not supplying prophylactic oxygen based on this study [17] . Mean age, BMI, anesthesia time, and gender distribution were similar among groups in the present study. All patients for whom fluid balance was restricted to be under +1500 were operated on under general anesthesia ( Table 2) . SaO2 levels at the 10th minute (represented by the postoperative 1 value), obtained before oxygen or NIV application, dropped significantly when compared to preoperative measurements in both groups (Table 4 ). This supports the idea of prophylactic oxygen administration in the early postoperative period. Pain is among the main causes of early postoperative hypoxemia [3, 8] . Postoperative pain control was provided with epidural bupivacaine infusion with a PCA pump to prevent severe pain that could invalidate the results of this study. There is a positive correlation among BMI and atelectesia formation under anesthesia [18, 19] . Chronic obstructive lung disease is another risk factor for postoperative hypoxemia [19] . Hence, the participants of this study were chosen among patients having FEV1/FVC of 40-70% and BMI of 30-40 kg.m2. However, mean BMI and FEV1/FVC values were similar in each group so the results were not expected to be affected by these particular risk factors. Additionally, hypoxemia occurs in 30-50% of patients undergoing upper abdominal surgery [8] . In view of these factors, it can be claimed that the subjects of this study were under high risk for postoperative hypoxemia occurrence. A published meta-analysis of all related papers that were published between 1966-1992 revealed decreased PPC rates when different maneuvers, such as incentive spirometry, intermittent valsalva maneuvers, and deep inspiration exercise, were evaluated [19] . More recently, NIV, also an airway pressure increasing method, has been tried for prophylactic purposes after various surgery types. In these trials, better oxygenation, decreased PPC, and earlier pulmonary function regain were the results in the groups receiving NIV [10] [11] [12] [13] . Prophylactic use of NIV also resulted in correction of impaired oxygenation in our study group. However, impairment in oxygenation on the postoperative 1 measurements (before application) was remedied in a similar percentage in the control group (Table 4) . So, in our study, there was no advantage of early postoperative NIV application regarding oxygenation than in most other studies. However, the methodologies of prophylactic NIV studies following abdominal surgery are different from the present study's methodologies. Most used CPAP instead of BiPAP and none of the control group patients received oxygen via face mask as in the present study [20] [21] [22] [23] [24] . In prophylactic BiPAP after abdominal surgery studies, the follow-up time was longer than ours. Also, oxygenation parameters have been shown to be better in more recent study groups [25, 26] . None of the above-mentioned studies emphasized ABG parameters other than oxygenation and ventilation. In contrast, we compared pH and HCO3 values statistically and revealed that the deterioration in pH value on postoperative measurements before application was corrected more effectively in the NIV group than in the control group. However, this has no clinical significance because the fall in pH values did not exceed the acidosis threshold. Postoperative pain is one of the most determinant factors for respiratory function in the early postoperative period, especially after major abdominal surgery. All study participants used patient-controlled analgesia pumps for local anesthetic administration via the epidural route to manage their postoperative pain. The pain situation of patients was not evaluated postoperatively to reveal if there was a difference among the groups in this regard. The study results would be more significant if preoperative and postoperative spirometric evaluations were also carried out, together with arterial blood gas analysis, and if the follow-up time was long enough to fully reveal effects of NIV. All these points are limitations to the present study.
In conclusion, there was no advantage of early postoperative NIV after upper abdominal surgery in regard to pH, SaO2, PaCO2, or HCO3 values when compared to face mask oxygen application. However, our follow-up time was two hours postoperatively; there is a need for studies with extended follow-up time and a larger number of subjects for more accurate data.
